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New	   and	   renewable	   sources	   of	   cells	   are	   needed	   for	   cell	   based	   therapies	   of	   liver	  
diseases	  and	  type	  1	  diabetes	  (T1D).	  	  Multipotent	  Adult	  Progenitor	  Cells	  (MAPCs)	  are	  
one	   potential	   stem	   cell	   source	   to	   generate	   functional	   hepatocytes	   or	   β-­‐cells.	  
However,	   human	  MAPCs	   have	   less	   plasticity	   than	   pluripotent	   stem	   cells	   (PSCs),	   as	  
their	   ability	   to	   generate	   endodermal	   cells	   is	   not	   robust.	   The	   creation	   of	   induced	  
pluripotent	  stem	  cells	  (iPSC)	  has	  demonstrated	  that	  reprogramming	  of	  somatic	  cells	  
to	  a	  pluripotent	  fate	  is	  possible.	  Reprogramming	  can	  occur	  by	  the	  introduction	  of	  key	  
pluripotency	   transcription	   factors	   (TFs)	   as	   well	   as	   epigenetic	   changes.	   This	   finding	  
has	  sparked	  interest	  in	  direct	  reprogramming	  of	  one	  somatic	  cell	  into	  another,	  using	  
lineage	  specific	  transcription	  factors	  (TFs)	  with	  or	  without	  epigenetic	  modifiers.	  	  
	  
In	   a	   first	   set	   of	   studies,	   I	   studied	   whether	   14	   transcription	   factors	   (TFs)	   can	  
reprogram	  MAPCs	  to	  induced	  endodermal	  progenitor	  cells	  (iENDO	  cells),	  defined	  as	  
cells	   that	   can	   be	   long-­‐term	   expanded	   and	   differentiated	   to	   both	   hepatocyte-­‐	   and	  
endocrine	  pancreatic	  like	  cells.	  I	  demonstrate	  that	  iENDO	  cells	  can	  be	  generated	  by	  
transduction	  with	  14TFs.	  iENDO	  cells	  expressed	  endodermal	  markers	  but	  nor	  mature	  
endodermal	  and	  pluripotency	  gene	  expression.	  14TF-­‐iENDO	  cells	  could	  be	  expanded	  
for	   at	   least	   20	   passages,	   differentiated	   in	   vivo	   spontaneously	   to	   hepatocytes,	  
endocrine	   pancreatic	   cells,	   as	   well	   as	   to	   gut	   tube-­‐like	   cells	   when	   grafted	   in	  
immunodeficient	  mice.	  Furthermore	  iENDO	  cells	  can	  be	  specifically	  differentiated	  in	  
vitro	   into	  hepatocyte	  or	  endocrine	  pancreatic-­‐like	  cells	  using	  3D	  organoid	  cultures.	  	  
However,	  the	  pluripotency	  TF	  OCT4,	  which	  is	  one	  of	  the	  TFs	  used	  for	  inducing	  iENDO	  
cells	  was	  not	   silenced,	  which	  might	  contribute	   to	   the	   incomplete	  differentiation	  of	  
iENDO	  cells	  to	  mature	  hepatocytes	  and	  endocrine	  pancreatic	  β-­‐cells	  in	  vitro,	  and	  to	  
endodermal	  tumor	  formation	  in	  vivo.	  To	  assess	  the	  in	  vivo	  maturation	  of	  iENDO	  cells	  
differentiated	   to	   hepatocyte-­‐like	   cells	   in	   vitro,	   we	   transplanted	   the	   iENDO-­‐derived	  
hepatocyte	   like	   cells	   organoids	   under	   the	   kidney	   capsule	   of	   immunocompromised	  
mice.	   After	   2	   months,	   grafts	   of	   hepatocyte	   like	   cell	   progeny	   from	   iENDO	   cells	  
appeared	   to	   have	  matured	   further,	   with	  more	   cells	   expressing	   albumin	   (ALB)	   and	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fewer	  AFP.	  Although	  full	  quantification	  still	  needs	  to	  be	  done,	  we	  did	  not	  observed	  
any	   tumor	   formation.	   All	   grafts	   secreted	   albumin.	   iENDO	  differentiated	   pancreatic	  
endocrine	   cells	   have	   been	   transplanted	   in	   diabetic	   or	   non-­‐diabetic	   nude	   mice	  
studies;	  the	  function	  and	  phenotype	  of	  the	  grafts	  is	  currently	  being	  evaluated.	  These	  
studies	  provide	  evidence	  that	  reprogramming	  of	  adult	  stem	  cells	  to	  an	  endodermal	  
intermediate	   progenitor,	   which	   can	   be	   expanded	   and	   differentiated	   to	   multiple	  
endodermal	  cell	  types	  might	  be	  a	  valid	  alternative	  for	  the	  use	  of	  PSCs	  for	  creation	  of	  
endodermal	  cell	  types.	  
	  
In	  parallel	   I	  tested	  if	  epigenetic	  modifiers,	  namely	  the	  histone	  deacetylase	   inhibitor	  
(HDACi)	   Trichostatin	   (TSA)	   and	   the	   DNA	   methyltransferase	   inhibitor	   (DNMTi)	   5-­‐
azacytdine	  (5AZA)	  can	  reprogram	  primary	  human	  fibroblasts	  to	  an	  endodermal	  and	  
pancreatic	   cell	   fate.	   I	   demonstrate	   that	   TSA	   combined	  with	   chromatin-­‐remodeling	  
medium	   (CRM)	   induced	   expression	   of	   a	   number	   of	   definitive	   endoderm	   and	   early	  
and	   late	   pancreatic	  marker	   genes.	  When	   CRM	  was	   omitted,	   endoderm/pancreatic	  
marker	  genes	  were	  not	  induced.	  However,	  treatment	  with	  5AZA	  did	  not	  affect	  gene	  
expression	  changes,	  and	  when	  5AZA	  was	  combined	  with	  TSA,	  no	  further	  increase	  in	  
endoderm,	  pancreatic	  endoderm,	  and	  endocrine	  gene	  expression	  was	  seen	  beyond	  
levels	   induced	  with	   TSA	  alone.	   Interestingly,	   TSA-­‐CRM	  did	  not	   affect	   expression	  of	  
pluripotency	  and	  hepatocyte	  genes	  but	   induced	  some	  mesoderm	  transcripts.	  Upon	  
removal	  of	  TSA-­‐CRM,	  the	  endoderm/pancreatic	  gene	  expression	  profile	  returned	  to	  
baseline.	   Our	   findings	   underscore	   a	   role	   of	   epigenetic	   modification	   in	  
transdifferentiation	  of	  one	  somatic	  cell	   into	  another.	  However,	   full	   reprogramming	  
of	   fibroblasts	   to	   𝛽-­‐cells	   will	   require	   combination	   of	   this	   approach	   with	   TF	  




















Een	  onuitputtelijke	  bron	  van	  cellen	  voor	   celtherapieën	  voor	   leverfalen	  en	  diabetes	  
type	   1	   (T1D)	   zijn	   nodig	   om	   de	   grote	   aantallen	   patiënten	   te	   kunnen	   behandelen.	  
Multipotente	   Adulte	   Progenitorcellen	   (hMAPC)	   zijn	   een	   potentiële	   bron	   van	  
stamcellen	   om	   functionele	   hepatocyten	   en	   insuline	   producerende	   betacellen	   te	  
genereren.	  Deze	  cellen	  zijn	  anders	  dan	  pluripotente	  stamcellen.	  MAPCs	  zijn	  minder	  
plastisch	   en	   ze	   hebben	   geen	   robuuste	   capaciteit	   om	   te	   differentiëren	   tot	  
endodermale	   cellen.	   Echter	   verschillende	   studies	   tonen	   aan	   dat	   somatische	   cellen	  
kunnen	   worden	   hergeprogrammeerd	   tot	   pluripotente	   cellen	   die	   we	   geïnduceerde	  
pluripotente	  stamcellen	  (iPSCs)	  noemen.	  Dit	  herprogrammeren	  kan	  gebeuren	  zowel	  
door	  het	  inbrengen	  van	  transcriptiefactoren	  die	  geassocieerd	  zijn	  met	  pluripotentie	  
of	  door	  epigenetische	  modificaties.	  	  
	  
	  In	  een	  eerste	  studie,	  onderzocht	   ik	  of	  14	  transcriptiefactoren	   (TFs)	  MAPCs	  kunnen	  
reprogrammeren	   tot	   geïnduceerde	   endodermale	   progenitorcellen	   (iENDO	   cellen).	  
iENDO	  cellen	   zijn	   in	  mijn	  onderzoek	  gedefinieerd	  als	   zijnde	  cellen	  die	  voor	   langere	  
duur	   geëxpandeerd	   kunnen	  worden	  en	   gedifferentiëerd	   kunnen	  worden	   tot	   cellen	  
die	   zowel	   lijken	   op	   hepatocyten	   als	   cellen	   die	   lijken	   op	   insuline	   producerene	  
endocriene	   pancreascellen.	   Ik	   toonde	   aan	   dat	   iENDO	   cellen	   verkregen	   kunnen	  
worden	   door	   transductie	   van	   deze	   14	   transcriptiefactoren	   (14TFs).	   Deze	   iENDO	  
cellen	  brengen	  endodermale	  merkers	  tot	  expressie,	  zonder	  de	  expressie	  van	  mature	  
endodermale	  genen	  of	  pluripotente	  genen	  te	  induceren.	  14TF-­‐iENDO	  cellen	  kunnen	  
geëxpandeerd	  worden	   voor	  minstens	   20	   passages,	   differentiëren	   in	   vivo	   spontaan	  
tot	  hepatocyten,	  endocriene	  pancreascellen,	  en	  darmcellen,	  en	   ze	   kunnen	   in	   vitro,	  
door	   middel	   van	   3D	   organoïden,	   specifiek	   gedifferentiëerd	   worden	   tot	   cellen	   die	  
gelijkwaardig	   zijn	   aan	   hepatocyten	   of	   endocriene	   insuline	   producerende	  
pancreascellen.	  De	  cellen	  zijn	  echter	  gelijkwaardig	  maar	  niet	  volledig	  mature.	  Dit	  lijkt	  
te	  worden	  veroorzaakt	  doordat	  een	  pluripotente	   transcriptiefactor,	  namelijk	  OCT4,	  
dat	  één	  van	  de	  factoren	  is	  die	  gebruikt	  wordt	  voor	  de	  inductie	  van	  iENDO	  cellen,	  niet	  
gesilenced	  wordt.	  Vervolgens	  hebben	  we	  onderzocht	  of	  we	  de	  differentiatie	  in	  vivo	  
Appendix	  B	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  Samenvatting	  
	   189	  
verder	   kunnen	   krijgen.	   Hiertoe	   hebben	   we	   in	   vitro	   gedifferentiëerde	   hepatische	  
iENDO	  cellen	  onder	  het	  nierkapsel	  van	  immunodeficiënte	  muizen	  getransplanteerd.	  
Twee	  maanden	   na	   de	   transplantatie,	   waren	   de	   iENDO	   cellen	   verder	   gematureerd	  
dan	  in	  vitro	  bereikt	  kon	  worden.	  Meer	  cellen	  brachten	  ALB	  tot	  expressie	  en	  minder	  
cellen	   brachten	   AFP	   tot	   expressie.	   Tevens	   observeerden	   we	   dat	   tumorvorming,	  
hetgeen	   kan	   plaatsvinden	   met	   stamcellen,	   niet	   had	   plaatsgevonden.	   Alle	  
transplanten	  secreteerden	  albumine.	  Vanuit	   iENDO	  gedifferentiëerde	  pancreatische	  
endocriene	   cellen	   werden	   getransplanteerd	   in	   diabetische	   en	   niet-­‐diabetische	  
naakte	   muizenstudies;	   de	   functie	   en	   het	   phenotype	   van	   de	   transplanten	   wordt	  
momenteel	  onderzocht.	  Deze	  studies	  tonen	  aan	  dat	  het	  reprogrammeren	  van	  adulte	  
stamcellen	   tot	   een	   endodermale	   intermediaire	   progenitor	   die	   geëxpandeerd	   en	  
gedifferentiëerd	   kan	   worden	   tot	   meerdere	   endodermale	   celtypes,	   een	   goed	  
alternatief	   kan	   zijn	   voor	   het	   gebruik	   van	   PSCs	   in	   het	   genereren	   van	   endodermale	  
celtypes.	  
	  
Tegelijkertijd	   onderzocht	   ik	   of	   de	   combinatie	   van	   twee	   epigenetische	   modifiers,	  
namelijk	   de	   histone	   deacetylase	   inhibitor	   (HDACi)	   Trichostatin	   (TSA)	   en	   de	   DNA	  
methyltransferase	  inhibitor	  (DNMTi)	  5-­‐azacytdine	  (5AZA),	  voldoende	  is	  om	  primaire	  
humane	  fibroblasten	  te	  reprogrammeren	  tot	  endodermale	  cellen	  en	  pancreascellen.	  
Ik	  heb	  aangetoond	  dat	  TSA	  gecombineerd	  met	  een	  chromatine-­‐remodeling	  medium	  
(CRM)	   de	   expressie	   induceert	   van	   een	   aantal	   definitief	   endodermale	   merkers	   en	  
vroege	   en	   late	   pancreatische	   merkers.	   Zonder	   het	   gebruik	   van	   CRM	   werden	   de	  
endodermale	  en	  pancreatische	  merkers	  niet	  geïnduceerd.	  Het	  gebruik	  van	  (DNMTi)	  
5AZA	  CRM	  veranderde	  de	  genexpressie	  niet	  en	  de	  combinatie	  van	  5AZA	  met	  TSA	  gaf	  
eveneens	   geen	   aanleiding	   tot	   een	   verhoogde	   expressie	   van	   endodermisch	  
pancreatisch	   en	   endocriene	  merkers,	   in	   vergelijking	  met	   de	   conditie	  waarin	   alleen	  
TSA	  werd	  gebruikt.	  	  
	  
Opmerkelijk	   is	   dat	   de	   TSA-­‐CRM	   niet	   de	   expressie	   van	   pluripotente	   en	   hepatocyte	  
genen	  maar	  wel	  van	  enkele	  mesodermale	  transcripten	  induceerde.	  Na	  het	  weglaten	  
van	  de	  TSA-­‐CRM,	  keerde	  het	  endodermale/pancreatische	  genexpressieprofiel	   terug	  
naar	   baseline-­‐waarden.	   Onze	   bevindingen	   benadrukken	   dat	   epigenetische	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modificaties	   een	   belangrijke	   rol	   spelen	   in	   de	   transdifferentiatie	   van	   de	   éne	  
somatische	   cel	   naar	   de	   andere.	   Echter	   voor	   de	   volledige	   reprogrammering	   van	  
fibroblasten	   naar	   betacellen	   zal	   een	   combinatie	   van	   deze	   benadering	   met	   TF	  
overexpressie	   en/of	   het	   kweken	   van	   de	   partieel	   gereprogrammeerde	   cellen	   onder	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List	  of	  Abbreviations	  
	  
A	  
ADE	  -­‐	  Anterior	  Definitive	  Endoderm.	  
A-­‐P	  –	  Anterior	  and	  Posterior	  
AFG	  -­‐	  Anterior	  Foregut	  
APS	  -­‐	  Anteriormost	  Primitive	  Streak.	  
AFP	  -­‐	  Alpha	  feto	  protein	  
ASCs	  –	  adult	  stem	  cells	  
AHR-­‐	  aryl	  hydrocarbon	  receptor	  
ALB	  -­‐	  Albumin	  
ALD	  -­‐	  Acute	  Liver	  Disease	  
A83-­‐01	  -­‐an	  inhibitor	  of	  TGF-­‐β	  signaling	  
AFS	  -­‐	  Amniotic	  Fluid-­‐Derived	  Stem	  Cells	  
AM-­‐MSC	  –	  Amniotic	  membrane	  derived	  mesenchymal	  stem	  cells	  
AD-­‐MSC	  -­‐	  Adipose	  tissue	  derived	  mesenchymal	  stem	  cells	  
AXL	  Inhibitor-­‐AXL	  receptor	  tyrosine	  kinase	  inhibitor	  
ALK5IIi-­‐activin-­‐like	  kinase	  5	  antagonist	  (2-­‐(3-­‐(6-­‐Methylpyridin-­‐2-­‐yl)-­‐1	  H-­‐pyrazol-­‐4-­‐yl)-­‐
1,5-­‐naphthyridine)	  
ARX-­‐	  Aristaless	  related	  homeobox	  
AF-­‐alexa	  fluro	  
aFGF-­‐acidic	  fibroblast	  growth	  factor	  
Ad-­‐PNM-­‐adenoviral	  vector	  expressing	  PDX1,	  NGN3,	  MAFA	  
ATPase	  -­‐	  Adenosine	  5'-­‐triphosphatase	  
ATP7B	  -­‐	  ATPase,	  Cu++	  Transporting,	  Beta	  Polypeptide	  
A1AT	  –	  Alpha	  1	  Antitrypsin.	  
α	  –	  Alpha	  
5AZA	  -­‐	  5	  Azacytidine	  
ASGPR1-­‐	  Asialoglycoprotein	  receptor	  1	  




BSA-­‐bovine	  serum	  albumin	  
BaY	  -­‐	  Ca2+	  channel	  activator	  Bay	  K	  8644	  
BIX-­‐01294	  -­‐	  2-­‐(Hexahydro-­‐4-­‐methyl-­‐1H-­‐1,	  4-­‐diazepin-­‐1-­‐yl)-­‐6,7-­‐dimethoxy-­‐N-­‐[1-­‐
(phenylmethyl)-­‐4-­‐piperidinyl]-­‐4-­‐quinazolinamine	  
BrDu	  -­‐	  Bromodeoxyuridine	  
bFGF	  -­‐	  Basic	  Fibroblast	  Growth	  Factor	  
BMP4	  -­‐	  Bone	  Morphogenic	  Protein	  
β-­‐catenin	  -­‐	  Beta	  Catenin	  
BSEP	  -­‐	  Bile	  Salt	  Export	  Pump	  
BCAA	  -­‐	  Branched	  Chain	  Amino	  Acids	  
BCKDH	  -­‐	  Branched	  Chain	  Keto	  Acid	  Dehydrogenases.	  
BAL	  -­‐	  Bioartificial	  Liver	  Devices	  
β	  	  -­‐	  Beta	  
BEC	  -­‐	  Biliary	  Epithelial	  Cells	  
Bra	  T-­‐Brachury	  T	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C	  
CDX2-­‐Caudal	  Type	  Homeobox	  2	  
CDS-­‐Coding	  sequences	  
CCL4-­‐Chemokine	  (C-­‐C	  motif)	  ligand	  4	  
CHGA-­‐Chromogranin	  A	  or	  parathyroid	  secretory	  protein	  1	  
Ct-­‐Cycle	  threshold	  
CO2-­‐	  	  Carbon	  di	  oxide	  
CFU-­‐F-­‐colony	  -­‐forming	  unit-­‐fibroblasts	  	  
CYC-­‐cyclopamine	  
CMRL-­‐Connaught	  Medical	  Research	  Laboratories	  
CPA1-­‐Carboxypeptidase	  
CER1-­‐Cerebrus	  1	  	  
CS	  -­‐	  Carnegic	  Stages	  
CKIT-­‐proto-­‐oncogene	  or	  tyrosine-­‐protein	  kinase	  Kit	  or	  CD117	  	  
Cebpa	  -­‐	  CCAAT/enhancer	  binding	  Protein	  Alpha	  
CM	  -­‐	  Cardiac	  Mesoderm	  
Cdx1-­‐	  Caudal	  type	  Homeobox	  1	  
Cdx2	  -­‐	  Caudal	  type	  Homeobox	  2	  
Cdx4-­‐	  Caudal	  type	  Homeobox	  4	  
CXCR4	  –	  C-­‐X-­‐C	  Chemokine	  Receptor	  Type	  4	  
CEL	  -­‐	  Carboxyl	  Ester	  Lipase	  
CAR	  -­‐	  Constitutive	  Androstane	  Receptor	  
CYP3A4	  -­‐	  Cytochrome	  P450	  Family	  3	  Subfamily	  A	  Member	  4	  
CYP1A2-­‐	  Cytochrome	  P450	  Family	  1	  Subfamily	  A	  Member	  2	  
CYP2B6-­‐	  Cytochrome	  P450	  Family	  2	  Subfamily	  B	  Member	  6	  
CYP2C9-­‐	  Cytochrome	  P450	  Family	  2	  Subfamily	  C	  Member	  9	  
CYP2E1-­‐	  Cytochrome	  P450	  Family	  2	  Subfamily	  E	  Member	  1	  
CYP	  -­‐	  Cytochrome	  P	  450	  
CLD	  -­‐	  Chronic	  Liver	  Disease	  
CMYC-­‐V-­‐Myc	  Avian	  Myelocytomatosis	  Viral	  Oncogene	  Homolog	  
CN1	  -­‐	  Crigler	  Najjar	  Syndrome	  
CRM	  -­‐	  Chromatin	  Remodeling	  Medium	  
CDNA-­‐Complementary	  DNA	  
CD133-­‐	  Prominin	  
CD-­‐	  cluster	  of	  differentiation	  
CASD	  -­‐	  Cell	  Activation	  and	  Signalling	  directed	  
C-­‐Pep-­‐C-­‐peptide	  
Cat.No-­‐	  Catalogue	  number	  
	  
D	  
DNMTi	  -­‐	  DNA	  Methyltransferase	  Inhibitor	  
DDC-­‐	  	  3,5-­‐diethoxycarbonyl-­‐1,	  4	  dihydrocollidine	  
Dex-­‐Dexamethasone	  
DPSC	  -­‐	  Dental	  pulp	  stem	  cells	  
DAPT	  -­‐	  N-­‐[(3,5-­‐Difluorophenyl)	  acetyl]-­‐L-­‐alanyl-­‐2-­‐phenyl]	  glycine-­‐1,1-­‐dimethylethyl	  
ester	  
D-­‐Days	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DMEM-­‐Dulbecco's	  Modified	  Eagle	  Medium	  
DMSO	  -­‐	  Dimethyl	  Sulphoxide	  
dpc	  -­‐	  Days	  Post	  Coitum	  
DE	  -­‐	  Definitive	  Endoderm	  
DPP4	  -­‐	  Dipeptidyl	  Peptidase	  4	  
DNA	  -­‐	  Deoxyribonucleic	  Acid	  
DM	  -­‐	  Diabetes	  Mellitus	  
DILI	  -­‐	  Drug	  Induced	  Liver	  Injury	  








EGF-­‐Epidermal	  growth	  factor	  
ELISA-­‐	  enzyme-­‐linked	  immunosorbent	  assay	  
E8-­‐Essential	  8	  medium	  
EDTA-­‐	  Ethylenediaminetetraacetic	  acid	  
ECAT	  -­‐	  ESC	  associated	  transcripts	  
ECAD-­‐E-­‐Cadherin	  
EPC	  -­‐	  Endodermal	  Progenitor	  
EN-­‐Endocrine	  
EB-­‐Embryoid	  body	  
eGFP-­‐enhanced	  green	  fluorescent	  protein	  
EFP-­‐epididymal	  fat	  pads	  	  
EHBD	  -­‐	  Extra	  Hepatic	  Bile	  Ducts	  
EpiSc	  -­‐	  Epiblast	  Stem	  Cell	  
ECM-­‐extracellular	  matrix	  
ERK1/2	  -­‐	  Extracellular	  signal	  Regulated	  Kinase	  1/2	  
EVX1-­‐Even-­‐Skipped	  Homeobox	  1	  
Eomes	  -­‐	  Eomesdermin.	  
EMT	  -­‐	  Epithelial	  to	  Mesenchymal	  Transition	  
ESCs-­‐Embryonic	  stem	  cells	  
EPCAM-­‐	  Epithelial	  cell	  adhesion	  molecule	  
ER	  –	  Endoplasmic	  reticulum	  
ε	  –	  Epsilon	  
Essrb-­‐Estrogen	  Related	  Receptor	  Beta	  
	  
F	  
FLK1-­‐Fetal	  Liver	  Kinase	  1	  
FRAP-­‐fluorescence	  recovery	  after	  photo	  bleaching	  
FLCM-­‐	  fetal	  liver	  conditioned	  medium	  
FAH	  -­‐	  Fumarylacetoacetate	  Hydrolase	  (Fumarylacetoacetase)	  
FGF4-­‐fibroblast	  growth	  factor	  4	  
FCS	  -­‐	  Fetal	  Calf	  Serum.	  
FGF7-­‐Fibroblast	  growth	  factor	  7	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FGF8-­‐	  Fibroblast	  growth	  factor	  8	  
FGF10-­‐Fibroblast	  growth	  factor	  10	  
FGFR1-­‐Fibroblast	  growth	  factor	  receptor	  1	  
FBS-­‐Fetal	  bovine	  serum	  
FOXA1-­‐Forkhead	  Box	  A1	  	  
FXR-­‐	  Farnesoid	  X	  receptor	  	  	  
FACS	  -­‐	  Fluorescent	  Activated	  Cell	  Sorting	  
FLRT3	  -­‐	  Fibronectin-­‐Leucine	  Rich	  Transmembrane	  
Foxh1	  -­‐	  Fork	  Head	  h1	  
FGF	  -­‐	  Fibroblast	  Growth	  Factor	  
Foxa2	  -­‐	  Forkhead	  Box	  A2	  
FOXP3-­‐	  Forkhead	  box	  P3	  
FTA	  -­‐	  Familiar	  Transthyretin	  Amyloidosis	  
FOXD3-­‐	  Forkhead	  Box	  D3	  





GAPDH-­‐	  Glyceraldehyde	  3-­‐phosphate	  dehydrogenase	  
GSEMFS	  -­‐	  Gastric	  Subepithelial	  Myofibroblasts	  
GDF8-­‐Growth	  differentiation	  factor	  8	  
GCG-­‐	  Glucagon	  	  
Gp130-­‐	  Glycoprotein	  130	  
GSK3β	  -­‐	  Glycogen	  Synthase	  Kinase	  3	  Beta	  
Gata-­‐	  GATA	  binding	  protein	  4-­‐6,	  zinc	  finger	  TF	  
GTPase	  -­‐	  Guanosine	  Triphosphatase	  
GSC	  -­‐	  Goosecoid	  
GLP1	  -­‐	  Glucagon-­‐like	  peptide-­‐1	  
GCK	  -­‐	  Glucokinase	  
GDM	  -­‐	  Gestational	  Diabetes	  Mellitus	  
GSD1a	  -­‐	  Glycogen	  Storage	  Disease	  
gc_/_	  	  	  	  Gamma	  C	  double	  knock-­‐out	  
Gt-­‐goat	  
GP-­‐Guniea	  pig	  





HLA-­‐Human	  Leukocyte	  Antigen	  	  
H&E-­‐Hemotoxyline	  and	  eosin	  
hESCs-­‐Human	  embryonic	  stem	  cells	  
hiPSCs-­‐Human	  induced	  pluripotent	  stem	  cells	  
HLFMPC	  -­‐	  Human	  Fetal	  Liver	  Multipotent	  Progenitor	  Cells	  
hLMDFS	  -­‐	  Human	  labia	  minora	  dermis-­‐derived	  fibroblasts	  
hMASC-­‐Human	  multipotent	  adult	  stem	  cells	  
HypoSC-­‐Hypoblast	  stem	  cells	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H3K9ac-­‐	  Histone	  3	  lysine	  9	  acetylation	  
H3K4me2-­‐	  Histone	  3	  lysine	  4	  dimethylation	  
HHMM	  -­‐	  Human	  Hepatocyte	  Maintenance	  Medium	  
HDACi	  -­‐	  Histone	  deacetylase	  inhibitor	  
hiENDOPC	  -­‐	  Multipotent	  induced	  endodermal	  progenitors	  Cells.	  
HMTase	  -­‐	  Histone-­‐lysine	  methyltransferase.	  
hTERT	  -­‐	  Human	  Telomeric	  end	  repeat	  Reverse	  Transcriptase	  
HiHeps	  -­‐	  Human	  Induced	  Hepatocytes	  
HDAC	  -­‐	  Histone	  Deacetylase	  Inhibitor	  
HGF	  -­‐	  Hepatocyte	  Growth	  Factor	  
Hnf1B	  -­‐	  Hepatocyte	  Nuclear	  Factor	  1B	  
Hex-­‐	  Hematopoietically	  expressed	  homeobox	  	  
HMG	  -­‐	  High	  Mobility	  Group	  
HA1C	  -­‐	  Haemoglobin	  A1C	  
HNF1A	  -­‐	  Hepatocyte	  Nuclear	  Factor	  1	  Alpha	  
HNF4A	  -­‐	  Hepatocyte	  Nuclear	  Factor	  4	  Alpha	  
HNF6-­‐	  One	  Cut	  Homeobox	  1	  Or	  Hepatocyte	  nuclear	  factor	  6	  
HLCs	  -­‐	  Hepatocyte	  Like	  Cells	  
HCV	  -­‐	  Hepatitis	  C	  Virus	  
HCC	  -­‐	  Hepatocellular	  Carcinoma	  
HBV	  -­‐	  Hepatitis	  B	  Virus	  
HPC	  -­‐	  Hepatic	  Progenitor	  Cells	  
HSC	  -­‐	  Hepatic	  Stellate	  Cells	  
HDACi	  -­‐	  Histone	  Deacetylase	  Inhibitor	  
hMAPC	  -­‐	  Human	  Multipotent	  Adult	  Progenitor	  Cells	  
HLXB9-­‐Homebox	  protein	  HB9	  
	  
I	  
ICS-­‐	  image	  correlation	  spectroscopy	  
IRES-­‐Internal	  ribosome	  entry	  site	  
IGFII-­‐insulin	  like	  growth	  factor	  11	  
IGF-­‐insulin	  like	  growth	  factor	  
iMPC-­‐Heps	  -­‐	  induced	  Multipotent	  Progenitor	  Cells-­‐Hepatocytes	  
iHepSC	  -­‐	  Induced	  Hepatic	  Stem	  Cell	  
iHeps	  -­‐	  induced	  Hepatocytes	  
ILV	  -­‐Indolactum	  V	  
IGF1-­‐Insulin	  like	  growth	  factor-­‐1	  
ITS-­‐insulin	  transferrin	  sodium	  selenite	  
ISL1-­‐	  LIM	  homeobox	  1	  or	  Islet-­‐1	  
INS-­‐Insulin	  	  
IHBD	  -­‐	  Intrahepatic	  Bile	  Ducts	  
ICM	  -­‐	  Inner	  Cell	  Mass.	  
IPF	  -­‐	  Insulin	  Promoting	  Factor	  
IDF	  -­‐	  International	  Diabetes	  Foundation	  
iPSC	  -­‐	  Induced	  Pluripotent	  Stem	  Cells	  
iENDO	  cells	  -­‐	  Induced	  Endodermal	  Progenitor	  Cells	  
IAPP-­‐Islet	  Amyloid	  Polypeptide	  
IEC-­‐6-­‐Small	  intestinal	  epithelial	  cells	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IDE1-­‐	  inducer	  of	  definitive	  endoderm-­‐1	  






KRT	  5-­‐Keratin	  5	  
KGF-­‐kerationocyte	  growth	  factor	  
KO	  -­‐	  Knock	  Out.	  
Kg-­‐killogram	  
KLF4-­‐Kruppel-­‐like	  factor	  4	  
KRT19-­‐Keratin	  19	  
KC	  -­‐	  Kupffer	  Cells	  





LDM-­‐Liver	  differentiation	  medium	  
LA-­‐BSA-­‐Linoleic	  acid	  bovine	  serum	  albumin	  
LDE225	  -­‐an	  inhibitor	  of	  Hedgehog	  signaling	  
LDL	  -­‐	  low-­‐density	  lipoprotein.	  	  
LDN-­‐193189-­‐small	  molecule	  inhibitor	  of	  bone	  morphogenetic	  protein	  (BMP)	  type	  I	  
receptors	  ALK2	  and	  ALK3	  
LIF	  -­‐	  Leukemia	  Inhibitory	  Factor	  
Lhx1	  -­‐	  LIM	  homeobox	  1	  
LDLR	  -­‐	  Low	  Density	  Lipoprotein	  Receptor	  









MOI-­‐multiplicity	  of	  infection	  
MYOD-­‐	  Myogenic	  Differentiation	  1	  
mMAPC-­‐Mouse	  multipotent	  adult	  progenitors	  
mEpiSC-­‐	  Mouse	  epiblast	  stem	  cells	  
MIAMI	  -­‐	  Marrow	  isolated	  adult	  lineage	  inducible	  
MHC-­‐major	  histocompatibility	  complex	  
MPC	  -­‐	  Multipotent	  Progenitor	  Cells	  
MAFA-­‐V-­‐Maf	  Avian	  Musculoaponeurotic	  Fibrosarcoma	  Oncogene	  Homolog	  A	  	  
MAFB-­‐V-­‐Maf	  avian	  musculoaponeurotic	  fibrosarcoma	  oncogene	  homolog	  B	  	  
MNX1-­‐Motor	  Neuron	  And	  Pancreas	  Homeobox	  1	  	  
MMP	  -­‐	  Matrix	  Metallo	  Proteases	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miRNA	  -­‐	  Micro	  interfering	  RNA	  
mRNA-­‐Messenger	  RNA	  
MAPK	  -­‐	  Mitogen	  Activated	  Protein	  kinase	  
MHG	  -­‐	  Midgut/Hindgut	  
MD	  -­‐	  Mesoderm	  
ME	  -­‐	  Mesendoderm	  
Mesp1-­‐Mesoderm	  posterior	  basic	  helix-­‐loop-­‐helix	  transcription	  factor	  1	  
Mixl1	  -­‐	  Mix	  Paired	  like	  homeobox	  1	  
MODY	  -­‐	  Maturity	  Onset	  Diabetes	  of	  the	  Young	  
mg/dL-­‐Milligram	  per	  decilitre	  
MSCs	  -­‐	  Mesenchymal	  Stem	  Cells	  
MRP-­‐2	  -­‐	  Multidrug	  Resistance	  Protein	  2	  
MAPCs	  -­‐	  Multipotent	  Adult	  Progenitor	  Cells	  	  
	  
N	  
NEUROD1	  -­‐	  Neuronal	  Differentiation	  1	  
NTCP	  -­‐	  Na+-­‐	  Taurocholate	  Co-­‐transporting	  Polypeptide	  
NALD	  -­‐	  Non-­‐Alcoholic	  Liver	  Disease	  
NAFLD	  -­‐	  Non-­‐Alcoholic	  Fatty	  Liver	  Disease	  
nM-­‐Nano	  molar	  
NEAA-­‐Non-­‐essential	  aminoacids	  
ng/ml-­‐Nanogram	  per	  ml	  
NCM-­‐Neuronal	  conditioned	  medium	  
NECA	  -­‐	  5'-­‐N-­‐Ethylcarboxamidoadenosine	  
NaB	  -­‐	  Sodium	  Butyrate	  
NOG-­‐Noggin	  
NA-­‐Nicotinamide	  
NKX6.1-­‐NK6	  Homeobox	  1	  	  
NKX2.2-­‐NK2	  Homeobox	  2	  	  	  
Ngn3	  -­‐	  Neurogenin	  3	  
NF2-­‐Neurofibromin	  2	  (Merlin)	  
NAC-­‐	  N-­‐acetyl	  cysteine	  
	  
O	  
OSM	  -­‐	  Oncostatin	  M	  
OATPB1	  -­‐	  Organic	  Anionic	  Polypeptide	  1B1	  
OLT-­‐	  Orthotropic	  liver	  transplantation	  
OCT4	  -­‐	  Octamer-­‐binding	  transcription	  factor	  4	  also	  known	  as	  POU5F1	  (POU	  domain,	  
class	  5,	  transcription	  factor	  1)	  
OCLN-­‐	  Occuludin	  




PAS-­‐Periodic	  Acid	  Schiff	  staining	  
PBST-­‐Phosphate	  buffered	  saline	  supplemented	  with	  Triton-­‐X	  
PPIG	  -­‐Peptidylprolyl	  isomerase	  G	  
PDM-­‐Pancreatic	  differentiation	  medium	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PDs-­‐Population	  doubling	  
PCR-­‐Polymerase	  chain	  reaction	  
PBS-­‐Phosphate	  buffer	  saline	  
PFA-­‐paraformaldehyde	  
pVC-­‐2-­‐phospho-­‐L-­‐Ascorbic	  acid	  trisodium	  salt	  
PEC	  -­‐	  Pancreatic	  Endocrine	  Cells	  
PHH-­‐Primary	  human	  hepatocytes	  
PD-­‐Population	  doubling	  
PLMSC	  -­‐	  Placental	  derived	  MSCs	  
PDBU-­‐Phorbol	  12,13-­‐dibutyrate	  
PDM-­‐Pancreatic	  differentiation	  media	  
PNDM	  -­‐	  Permanent	  Neonatal	  Diabetes	  Mellitus	  
PGT	  -­‐	  Primitive	  Gut	  Tube	  
PFE	  -­‐	  Posterior	  Foregut	  Endoderm	  
PFG-­‐	  Posterior	  Foregut	  
PE	  -­‐	  Pancreatic	  Endoderm	  
Pdx1	  -­‐	  Pancreatic	  Duodenal	  Homeobox	  1	  
Ptf1a	  -­‐Pancreas	  specific	  transcription	  factor,	  1a	  	  
PAX6-­‐Paired	  Box	  6	  TF	  
PAX4-­‐Paired	  Box	  4	  TF	  
PI3K	  -­‐	  Phosphatidylinositol	  3	  Kinase	  
PCP	  -­‐	  Planar	  Cell	  Polarity	  
PPS	  -­‐	  Posterior	  Primitive	  Streak	  
PS	  -­‐	  Primitive	  Streak	  
PrE	  -­‐	  Primitive	  Endoderm	  
PND	  -­‐	  Peripheral	  Nerve	  Disease	  
PXR	  -­‐	  Pregnane	  X	  Factor	  
PHH	  -­‐	  Primary	  Hepatocytes	  
PBG	  -­‐	  Porphobilinogen	  
PAH	  -­‐	  Phenylalanine	  Hydroxylase	  
PPY	  -­‐	  Pancreatic	  Polypeptide	  
PB	  –	  Peribilliary	  gland	  
PP	  –	  Periportal	  region	  
PV	  –	  Perivenous	  region	  
PSCs	  -­‐	  Pluripotent	  Stem	  Cells	  
PCR-­‐Polymerase	  chain	  reaction	  
PDZ-­‐	  acronym	  combining	  first	  three	  letters	  of	  three	  proteins.	  Post	  synaptic	  density	  
protein,	  and	  disc	  large	  tumor	  suppressor,	  and	  zonula	  occuludins-­‐1	  
PC1-­‐3-­‐Prohormone	  convertases	  1-­‐3	  
Prox1-­‐Prospero	  Homeobox	  1	  
PANC-­‐1-­‐Human	  pancreatic	  ductal	  epithelial	  cells	  
PO2-­‐Partial	  pressure	  of	  oxygen	  
	  
Q	  
qRT-­‐PCR-­‐quantitative	  reverse	  transcriptase	  polymerase	  chain	  reaction	  
	  
R	  
RPMI-­‐Roswell	  Park	  Memorial	  Institute	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RFX6-­‐	  Regulatory	  Factor	  X6	  
Ran	  1	  –	  RAS	  Related	  Nuclear	  Protein	  
RER	  -­‐	  Rough	  Endoplasmic	  Reticulum	  
RNA-­‐Ribonucleic	  acid	  
rMAPC-­‐Rat	  multipotent	  adult	  progenitors	  
RG	  -­‐	  RG108,	  Novel	  non-­‐nucleoside	  DNA	  methyltransferase	  inhibitor	  
RA-­‐Retinoic	  acid	  
rB-­‐Rabbit	  
Rex-­‐	  Reduced	  Expression	  Protein	  1	  
	  
S	  
SEM-­‐Standard	  error	  of	  mean	  
SD-­‐	  Standard	  deviation	  
SRSA-­‐Spatially	  resolved	  scaling	  analysis	  
SB203580	  -­‐an	  inhibitor	  of	  p38-­‐MAPK	  signaling	  
SD	  -­‐	  Signalling	  Directed	  
SC-­‐β	  cells-­‐stem	  cell	  beta	  cells	  
SANT1-­‐N-­‐[(3,5-­‐dimethyl-­‐1-­‐phenyl-­‐1H-­‐pyrazol-­‐4-­‐yl)methylene]-­‐4-­‐(phenylmethyl)-­‐1-­‐
piperazinamine.	  Cell-­‐permeable	  inhibitor	  of	  Sonic	  hedgehog	  (Shh)	  signaling	  
SB431542-­‐	  4-­‐[4-­‐(1,3-­‐benzodioxol-­‐5-­‐yl)-­‐5-­‐(2-­‐pyridinyl)-­‐1H-­‐imidazol-­‐2-­‐yl]	  benzamide.	  
Selective	  inhibitor	  for	  TGF-­‐	  β	  type	  1	  receptor	  
SFD-­‐Serum	  free	  medium	  
SCID	  -­‐	  Severe	  Combined	  Immunodeficiency	  
SCNT-­‐Somatic	  cell	  nuclear	  transfer	  	  
SCFR-­‐Mast/stem	  cell	  growth	  factor	  receptor	  	  
STAT-­‐Signal	  Transducer	  and	  Activator	  of	  Transcription	  	  
SRY	  -­‐	  Sex	  Determining	  Region	  Y	  
SOX9-­‐	  SRY	  Box	  9	  TF	  	  
Sox2-­‐	  SRY	  Box	  2	  TF	  
Sox17-­‐	  SRY	  Box	  17	  TF	  	  
Sox7-­‐	  SRY	  Box	  7	  TF	  
SHH	  -­‐	  Sonic	  Hedgehog	  
STM	  -­‐	  Septum	  Transversum	  Mesenchyme	  
Sdf1	  -­‐	  Stromal	  Derived	  Factor	  
SGLT2	  -­‐	  Sodium	  Dependent	  Glucose	  cotransporter	  2	  
SERPINA1	  -­‐	  Serpin	  Family	  A	  Member	  1	  
SST	  –	  Somatostatin	  
SER-­‐Smooth	  Endoplasmic	  Reticulum	  
SV40	  T-­‐Simian	  Vacuolating	  Virus	  40	  T	  antigen	  
STZ-­‐Streptozotocin	  
Sall4-­‐	  Spalt-­‐Like	  Transcription	  Factor	  4	  
	  
T	  
TET-­‐Ten-­‐eleven	  translocation	  hydroxylase	  dependent	  DNA	  demethylation	  
TMTD	  -­‐	  Triazole	  Thiomorpholine	  Dioxide	  
TSA	  –	  Trichostatin	  A	  
TPBB	  -­‐	  Tetra-­‐N-­‐phenylbenzidine.	  
T3-­‐Thyroid	  hormone	  agonist,	  3,3ʹ′,5-­‐Triiodo-­‐L-­‐thyronine	  sodium	  salt	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TEAD-­‐TEA	  domain	  family	  members	  
TAZ-­‐	  Transcriptional	  co-­‐activator	  with	  a	  PDZ-­‐binding	  domain	  
TNF4a-­‐	  Tumor	  necrosis	  factor	  4	  alpha	  
TGF-­‐β	  -­‐	  Transforming	  Growth	  Factor	  Beta	  
TE	  -­‐	  Trophoectoderm.	  
TND	  -­‐	  Transient	  Neonatal	  Diabetes	  
tRNA	  -­‐	  Transfer	  Ribonucleic	  Acid	  
T1D	  -­‐	  Type	  1	  Diabetes	  
T2D	  -­‐	  Type	  2	  Diabetes	  
TTR	  -­‐	  Transthyretin	  	  
TAT-­‐	  Tyrosine	  amino	  trypsin	  
Tbx3	  -­‐	  T-­‐Box	  Protein	  3	  
TSA	  -­‐	  Trichostatin	  A	  
TFs	  -­‐	  Transcription	  Factors	  
Tet-­‐tetracycline	  




USSC	  -­‐	  Unrestricted	  Somatic	  Stem	  Cells.	  
UDPGFT	  -­‐	  Uridine	  Diphosphate	  Glucuronosyl	  transferase	  
uPA-­‐Urokinase	  plasminogen	  activator	  
	  
V	  
VPA-­‐Valproic	  acid	  A	  
VSEL-­‐	  Very	  small	  embryonic-­‐like	  cells	  
VEGF-­‐Vascular	  endothelial	  growth	  factor	  
VE	  -­‐	  Visceral	  Endoderm	  
	  
W	  
WJMSC	  -­‐	  Wharton’s	  jelly	  MSCs.	  
WPC	  -­‐	  Week	  Post	  Conception	  
WD	  -­‐	  Wilson's	  Disease	  
WHO	  -­‐	  World	  Health	  Organization	  
Wnt	  -­‐	  Wingless-­‐Type	  MMTV	  Integration	  Site	  Family,	  Member	  
	  
X	  
XEN	  -­‐	  Extra	  Embroynic	  Endoderm	  
XEN-­‐P	  -­‐	  Extra	  Embroynic	  Endoderm	  Precursor	  
XXI-­‐gamma	  secretase	  inhibitor,	  Compound	  E	  
	  
Y	  
YAP1-­‐	  yes-­‐associated	  protein	  1	  
	  
Z	  
























Finally,	  yes	  i	  have	  reached	  the	  end	  stage	  of	  my	  PhD!	  Now	  it	   is	  time	  to	  look	  back	  at	  
my	   journey,	  where	   I	  began	  and	  to	   remember	  all	   the	  people	  who	  have	  encouraged	  
and	  helped	  me	  a	  lot	  to	  achieve	  one	  of	  my	  career	  ambitions.	  A	  PhD	  training	  in	  Europe	  
was	  a	  great	   learning	  period,	  not	  only	   for	   research	  but	  also	   for	   life.	   It	  provided	  me	  
great	  wisdom	  and	  thought	  me	  to	  be	  independent	  and	  organized	  in	  life.	   It	  prepared	  
me	  for	  survival	   in	  the	  foreign	   land.	  As	  a	  foreigner,	  Europe	  provided	  me	  the	  correct	  
balance	  between	  friendliness,	  comfort	  and	  technology	  to	  perform	  research	  at	  a	  high	  
level.	   The	   last	   six	   years	   of	   this	   journey	   gave	   me	   a	   lot	   of	   wonderful	   experiences,	  
friendship	  and	  good	  memories,	  which	  will	  be	  cherished	  in	  my	  mind	  and	  heart	  for	  the	  
lifetime.	  Today,	  this	  stage	  wouldn’t	  be	  possible	  without	  joint	  effort	  of	  many	  people.	  
So	  I	  would	  like	  to	  take	  this	  opportunity	  to	  thank	  everyone	  for	  the	  help	  and	  support	  
they	  gave	  to	  me.	  
	  
First,	  I	  would	  like	  to	  start	  by	  thanking	  my	  promoter	  Prof.	  Dr.	  Catherine	  Verfaillie,	  for	  
giving	  me	  the	  great	  opportunity	  to	  work	   in	  her	   lab	  under	  her	  great	  guidance.	   I	  still	  
remember	  the	  day	  during	  my	  master	  degree	  when	  you	  came	  down	  to	  our	  Institute	  in	  
India	  for	  guest	  lecture	  and	  interviewed	  my	  seniors.	  Your	  lecture	  on	  that	  day	  gave	  me	  
a	   lot	   of	   inspiration	   and	   motivation	   to	   apply	   to	   this	   lab	   for	   Pre-­‐doctoral	   training.	  
During	   my	   PhD	   training	   period,	   I	   have	   developed	   enthusiasm	   and	   fascination	   in	  
science	   research	   by	   observing	   your	   dedication	   and	   love	   for	   science.	   As	   a	  mentor,	  
your	  advice,	  care	  to	  the	  students	  and	  critical	  guidance	  helped	  me	  in	  each	  and	  every	  
step	  of	  my	  PhD.	  You	  always	  provided	  me	  sufficient	  time	  to	  find	  a	  way	  to	  overcome	  
the	  problems	  and	   failures.	  During	   this	   journey,	   I	  have	   learned	   from	  you	  how	  to	  be	  
critical	   thinker	  and	  how	   to	  make	   interpretation	  of	  data,	  draw	  conclusions,	  write	  &	  
present	   the	   work	   efficiently.	   You	   have	   helped	   me	   to	   realize	   my	   strengths	   and	  
weakness.	  It	  was	  an	  immense	  pleasure	  to	  work	  under	  your	  supervision.	  I	  would	  like	  
to	  thank	  you	  for	  the	  help	  in	  the	  difficult	  situations	  and	  support	  I	  received	  along	  the	  
way.	  
	  
My	  special	  and	  sincere	  thanks	  to	  my	  co-­‐promoters	  Prof.	  Dr.	  Paul	  de	  Vos	  and	  Prof.	  Dr.	  
Marijke	  M	  Faas	  from	  University	  of	  Groningen,	  Netherlands,	   for	  their	   interest	   in	  my	  
project	   along	  with	   the	   assistance	   and	   guidance	   provided	   by	   them,	   throughout	  my	  
PhD	  process.	   Your	   critical	   review,	   comments	   and	   suggestions	  were	   very	   useful	   for	  
improving	   the	   quality	   of	   my	   project	   work,	   annual	   reports,	   research	   articles,	   PhD	  
thesis,	   the	   style	  &	  art	  of	  writing.	   It	  was	   a	   great	  opportunity	   to	   share	   the	   scientific	  
knowledge	  and	  ideas,	  which	  helped	  me	  to	  achieve	  additional	  information	  about	  my	  
work.	   It	  was	  great	  pleasure	  to	  work	  with	  you	  and	  I	  will	  always	   look	  forward	  to	  our	  
future	  collaboration.	   I	  would	   like	  to	  extend	  my	  sincere	  gratitude	  and	  thanks	  to	  the	  
Dutch	  Diabetes	  Foundation,	  Netherlands	  and	  University	  of	  Groningen,	  KU	  Leuven	  for	  
providing	   financial	   support	   on	   this	   project	   work	   and	   doctoral	   scholarships	  
throughout	  my	  PhD.	  	  
	  
	  
My	  sincere	  thanks	  to	  all	   jury	  members	  of	  my	  thesis	  examining	  committee:	  Prof.	  Dr.	  
Kian	  peng	  Koh	  (secretary)	  (KU	  Leuven),	  Prof.	  Dr.	  An	  Zwijsen	  (VIB,	  KU	  Leuven),	  Prof.	  
Dr.	   Leo	   van	   Grunswen	   (VUB,	   Brussels),	   Prof.	   Dr.	   Miguel	   Barajas	   (University	   of	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  Acknowledgements	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Navarra,	   Pamplona,	   Spain)	   for	   the	   time	   they	   devoted	   to	   critically	   review	  my	   PhD	  
thesis	  in	  a	  short	  period	  of	  time	  and	  to	  participate	  in	  the	  active	  discussion	  of	  my	  work,	  
despite	  of	  their	  busy	  schedules.	  I	  would	  like	  to	  extend	  my	  gratitude	  to	  the	  external	  
jury	  members	  Prof.	  Dr.	  Leo	  van	  Grunsven	  and	  Prof.	  Dr.	  Miguel	  Barajas	  for	  being	  the	  
part	  of	  my	  jury	  and	  for	  coming	  down	  to	  KU	  Leuven	  for	  the	  defense.	  Thanks	  also	  to	  
President	  for	  the	  examining	  committee,	  Prof.	  Dr.	  Kathleen	  Freson	  for	  managing	  the	  
written	   evaluations	   on	   my	   thesis	   and	   Ms.	   Sophie	   Collart	   for	   managing	   my	   PhD	  
progress	  file.	  Also,	  I	  would	  like	  to	  thank	  Prof.	  Dr.	  Frederic	  Lluis	  Vinas	  for	  chairing	  this	  
doctoral	  thesis	  defense.	  
	  
My	  sincere	  thanks	  to	  Mr.	  Sumitava	  Dastidar	  for	  providing	  the	  base	  for	  the	  project,	  as	  
it’s	  from	  there	  that	  my	  project	  work	  started.	  Thanks	  for	  the	  detailed	  explanation	  of	  
project	  in	  the	  initial	  periods.	  
	  
Next,	   I	  would	   like	   thank	  Asst.	  Prof.	  Dr.	  Satish	  Khurana,	  Dr.	  Philip	  Roelandt,	  and	  Dr.	  
Manoj	   Kumar,	   Dr.	   Antonio	   Lo	  Nigro,	   Dr.Laura	  Ordovas	   for	   your	   critical	   discussions	  
and	   scientific	   input,	   experimental	   help,	   moral	   support,	   for	   shaping	   up	  my	   project	  
work	   into	  good	  story.	  Really,	  enjoyed	  working	  with	  you.	   I	  extend	  my	   thanks	   to	  Dr.	  
Valerie	  Roobrouck	  for	  providing	  me	  characterized	  human	  MAPC	  cell	   line	  and	  giving	  
me	  the	  hands	  on	  training	  on	  culturing	  MAPCs	  for	  my	  project.	  Also,	   I	  want	  to	  thank	  
Dr.	  Qing	  Cai	  for	  giving	  me	  the	  opportunity	  to	  work	  in	  your	  Ngn3	  project.	  It	  provided	  
good	   hands	   on	   experiences	   in	   my	   practical	   skills	   with	   ESCs	   differentiation	   to	  
pancreatic	  beta	  cells.	  A	  special	  thanks	  to	  Dr.	  Satish	  Khurana	  for	  your	  constant	  moral	  
support	   and	   guidance,	   advice,	   help	   in	   improving	   my	   skills	   and	   work.	   I	   very	   much	  
enjoyed	  our	  discussions	  of	  science	  and	  life.	  Thanks	  for	  sharing	  your	  experiences	  with	  
me,	  accompanying	  me	  to	  conference	  in	  the	  Sweden,	  for	  being	  a	  good	  friend	  &	  table	  
tennis	   companion	   in	   the	  weekends,	  Dutch	  class	  companion.	  You	  are	  an	   inspiration	  
for	  young	   students	   like	  me.	   I	  have	   learned	  many	   things	   from	  you.	   I	   really	  admired	  
your	  style	  of	  giving	  equal	  time	  to	  work	  and	  personal	  life.	  
	  
I	  would	  like	  to	  express	  my	  sincere	  thanks	  to	  Master	  thesis	  student	  Dr.	  Eric	  Kalo,	  for	  
your	  great	  contribution	  on	  small	  molecule	  mediated	  reprograming	  of	  fibroblasts	  into	  
definitive	   and	   pancreatic	   endoderm.	   During	   your	   thesis	   period,	   we	   tried	   several	  
experiments,	  eventhough	  many	  failed	  but	  you	  never	   lost	  your	  confidence	  and	  kept	  
going	   further.	   I	   really	   liked	   your	   scientific	  motivation	   and	  passion	  on	   research	   and	  
subject	   knowledge	   on	   endocrinology.	   Good	   luck	   with	   your	   future.	   I	   would	   like	   to	  
extend	  my	   thanks	   to	  Ms.	   Renate	  Akkerman	   for	   your	   extensive	   contribution	   on	   3D	  
hepatocyte	  and	  pancreatic	  differentiation	  optimization	  from	  iENDO	  cells	  and	  In	  vivo	  
differentiation	  works.	  You	  are	  very	  nice	  and	  organized	   in	  work	  and	  thanks	  for	  your	  
help	   in	  my	  last	  steps	  of	  PhD.	  Specially,	   I	  would	   like	  to	  extend	  my	  thanks	  to	  you	  for	  
doing	   pancreatic	   differentiation	   in	   Groningen	   lab	   and	   performing	   transplantation	  
experiments	  there.	  I	  remember	  the	  car	  driving	  with	  you	  to	  Groningen	  for	  carrying	  all	  
experimental	   stuffs	   and	   reagents.	   On	   the	  way,	   you	   showed	  me	   a	   your	   traditional	  
village	   and	   architecture	   of	   Dutch	   houses,	   dress	   code,	   it	   was	   a	   memorable	  
experience.	   Also	   I	   would	   like	   to	   thank	   Ms.	   Anarita	   Mestre	   Rosa,	   and	   Dr.	   Fanos	  
Tadessa	   Woldemariyam	   for	   your	   contribution	   on	   2D	   hepatocyte	   and	   2D	   biliary	  
differentiation	  optimization	   from	   iENDO.	   It	  was	  great	  experience	   to	  work	  with	  you	  
all.	  All	  the	  best	  for	  your	  future	  endeavors.	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I	   would	   also	   like	   to	   thank	   our	   collaborator	   from	   Clinical	   and	   experimental	  
Endocrinology	  department,	  at	  KU	  Leuven,	  Prof.	  Dr.	  Chantal	  Mathieu	   lab,	  Dr.	  Conny	  
Gysemans,	  Dr.	   Jos	   Laureys	   and	  Mr.	   João	   Paulo	  Monteiro	   Carvalho	  Mori	   Cunha	   for	  
providing	   their	   expertise	   in	   teaching	   and	   great	  help	   for	   performing	   kidney	   capsule	  
transplantation	   in	   the	   last	   year	   of	  my	   PhD.	   Your	   contribution	   really	   enhanced	  my	  
work.	  My	   thanks	   to	   Dr.	   Zhuofei	   for	   helping	   and	   teaching	  me	   how	   to	   use	   Gene	   E	  
software	   for	   Heatmap	   generation.	   Also,	   I	  would	   like	   to	   extend	  my	   thanks	   to	   Prof.	  
Tania	  Roskams	  for	  your	  time	  to	  look	  at	  my	  H&E	  staining	  sections	  and	  provided	  your	  
valuable	  feedback	  and	  suggestions	  on	  iENDO	  derived	  tumor	  grafts.	  	  
	  
I	  would	   like	   to	   thank	  Ms.	  Veerle	  Vanslembrouck	   for	  your	  great	  help	  on	   sectioning,	  
immunostaining	  and	  microscopy,	  every	  single	  time	  that	  I	  requested	  for	  help.	  Further	  
I	  will	  extend	  my	  thanks	  to	  the	  skilled	  technicians,	  Mr.	  Rob	  van	  Rossom	  and	  Mr.	  Marc	  
Welters	  for	  molecular	  biology	  works	  and	  Pieter,	  Manja,	  Kristel,	  Sarah,	  Nele	  for	  their	  
technical	   assistance.	   Mr.	   Thomas	   Vanwelden	   and	   Ms.	   Hanne	   Grosemans	   for	   the	  
technical	   help	   in	   animal	  work.	   In	  my	  very	   last	   year,	   I	   also	  had	   the	   chance	   to	  work	  
with	  Ms.	  Sandra	  from	  University	  of	  Groningen,	   I	  am	  very	  grateful	   to	  you	  for	  taking	  
care	  of	  my	  mice	  experiments	  in	  Netherlands.	  And	  I	  wish	  all	  the	  best	  for	  your	  future	  
career.	  
	  
During	   the	   PhD,	   Stem	   cell	   institute	   (SCIL)	   provided	   me	   a	   comfortable	   work	  
environment	  and	  gave	  me	  a	  lot	  of	  new	  friends	  from	  different	  countries	  and	  different	  
cultures,	   which	   gave	   me	   a	   good	   opportunity	   to	   experience	   different	   culture	   and	  
traditions.	  Also	   I	   really	   enjoyed	   the	   lab	   trips,	   Christmas	  party	   games,	   games	  night,	  
movie	  night,	  bowling,	  go-­‐karting,	  kayaking,	  lab	  dinner,	  pooling,	  badminton	  etc,	  which	  
have	  become	  precious	  memories	  in	  my	  life.	  	  
	  
I	   wish	   to	   thank	   present	   and	   past	   members	   of	   stem	   cell	   institute.	   First	   liver	   and	  
pancreas	  group	  members:	  Laura,	  Yemiao,	  Elena,	  Yonsil,	   Jolien,	  Ruben,	  Nicky,	  Philip,	  
Manoj,	  Jonathan,	  Tine,	  Valeria,	  Jolan,	  Qing	  and	  Anujith.	  I	  will	  always	  remember	  the	  
serious	  scientific	  discussion	  and	  funny	  moments,	   liver	  group	  dinner,	   liver	  group	  get	  
together	  etc.	  It	  was	  a	  very	  nice	  experience	  to	  work	  with	  you	  all.	  Thanks	  for	  your	  help,	  
comments	  and	  suggestions	  to	  improve	  my	  work.	  Laura:	  thank	  you	  for	  your	  advice	  in	  
molecular	  cloning	  and	  PCR	  works.	  Your	  cloning	  and	  primer	  efficiency	  protocols	  are	  
really	   helpful.	   It	   has	   been	   nice	   to	   work	   with	   you	   and	   being	   part	   of	   your	   good	  
projects.	  Manoj:	  thanks	  for	  your	  help	  in	  my	  project.	  You	  are	  my	  desk	  and	  cell	  culture	  
hood	   mate.	   I	   will	   remember	   all	   the	   funny	   jokes	   and	   scientific	   discussion	   in	   cell	  
culture	   and	   office.	   Ruben:	   It	   was	   great	   to	   work	   with	   you	   as	   colleague	   and	   your	  
passion	   for	   science	   is	   always	   inspiring.	   I	   will	   always	   remember	   and	   enjoy	   our	  
scientific	   discussion,	   shared	   ideas	   and	   experiences.	   Good	   luck	   with	   your	   fantastic	  
work!	   Jolien:	   you	   are	   very	   nice	   colleague	   to	   work	   with	   and	   thank	   you	   for	   your	  
theoretical	  advice	  in	  my	  project.	  Nicky:	  nice	  to	  work	  with	  you	  and	  thanks	  for	  the	  help	  
in	   3D	   aggregate	   differentiation.	   Good	   luck	  with	   your	   future.	   Valeria:	   You	   are	   very	  
nice	   and	   very	   caring	   with	   a	   smile	   on	   your	   face.	   Jonathan	   and	   Tine:	   You	   both	   are	  
really	  nice,	  kind,	  and	  helpful.	  A	  special	  thanks	  for	  helping	  me	  with	  Dutch	  summary	  in	  
the	  thesis.	  Also	  I	  would	  extend	  my	  thanks	  to	  the	  Neuro	  group:	  Susanna,	  Juan,	  Mady,	  
and	  christel,	  Joke,	  Samie,	  Arefe	  and	  Johanna.	  Juan	  and	  Mady:	  thank	  you	  for	  sharing	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your	  scientific	  and	  non-­‐scientific	  experiences,	  discussion,	  and	  funny	  talks,	  virus	  room	  
work	  companionship.	  Hemato	  group:	  Thank	  you	  Satish,	  Javed,	  Kim,	  Manmohan,	  and	  
Nicolas.	  Also,	  I	  would	  like	  to	  thank	  all	  the	  other	  PI’s	  at	  SCIL	  and	  their	  excellent	  team:	  
Prof.	   Dr.	  Maurilio	   Sampaolesi	   (Georgia,	   domiziana,	   Robin,	   Vardine,	   Jordi,	   Stefania,	  
Mattia,	  berrardi,	  Alessio,	  Lieven,	  Ester,	  Marco,	  Rudy,	  Giacoma),	  Prof.	  Dr.	  Kian	  peng	  
Koh	   (Rita,	   Michela,	   Abhi,	   Joris,	   Xinlong),	   Prof.	   Dr.	   Frederic	   Lluis	   Vinas	   (Anchel,	  
Tarquin)	   and	   Prof.	   Dr.	   Hugo	  Vankelecom	   (Heleen,	  Matteo,	   Benoit),	   Prof.	   Dr.Danny	  
Huylebrouck	  (Agata,	  ruben,	  and	  Eve),	  Prof.	  Dr.	  Vincent	  Pasque	  (Juan	  song,	  Natalie),	  
Prof.Dr.Marc	  Ferrante	  (Manuel,	  Anabela)	  for	  providing	  friendly	  environment	  at	  SCIL.	  
I	  would	  also	  like	  thank	  Christina	  and	  Vicky	  for	  helping	  me	  with	  all	  the	  administration	  
works,	   ordering	   reagents	   when	   I	   needed,	   assisting	   to	   find	   the	   house	   in	   Groot	  
Begijnhof.	  Special	  thanks	  to	  Sylvia	  for	  your	  support	  in	  several	  tasks	  in	  the	  lab.	  	  
	  
Next	  I	  would	  like	  to	  thanks	  to	  my	  friends	  in	  Leuven	  and	  abroad,	  Nisha,	  Varda,	  Sumit,	  
Javed,	  Chacko,	  Nicholas,	  Satish,	  Renu,	  Zoe,	  Abhi,	  Deepali,	  Manoj,	  Sapna,	  Nia,	  Anujith,	  
Savitha,	   Ashwini,	   Soumen,	   Rojin,	   Shubham,	  Madhavsai,	   Roshini,	   Ansh,	  Manmohan	  
and	  family,	  sumit	  and	  taro,	  ilaya,	  chandan.	  Also	  a	  thanks	  to	  my	  master	  and	  bachelor	  
degree	   friends,	   Sunil,	   bindhu,	   Anaya,	   murthy	   who	   always	   made	   me	   feel	   like	   one	  
among	  in	  their	  family,	  provided	  constant	  friendly	  support	  and	  encouragement	  in	  any	  
situation.	  Thank	  you	  all!	  My	  special	  thanks	  to	  Mr.	  Sagar	  singamsetty	  &	  Prathima	  and	  
Nisha	  &	  Sumit	  for	  your	  timely	  help	  and	  support	  to	  stay	  in	  Leuven	  at	  end	  of	  my	  PhD	  
period.	  Thanks	  once	  again.	  
	  
My	  sincere	  gratitude	  to	  Prof.	  Marc	  Vervenne	  (Honorary	  Rector-­‐President	  University	  
of	  Leuven	  and	  President	  of	  Groot	  Begijnhof	  Residence,	  Leuven,	  for	  giving	  permission	  
to	   extend	   my	   housing	   contract,	   so	   that	   I	   can	   finish	   my	   final	   steps	   of	   PhD	   Thesis	  
defense	  without	  any	  hassle.	  We	  are	  highly	  indebted	  to	  your	  kind	  help.	  	  
	  
Dear	  Family,	  
First,	  I	  would	  like	  to	  take	  this	  opportunity	  to	  thank	  my	  wonderful	  parents,	  mom	  and	  
dad	   for	  your	  constant	   support	  and	  unconditional	   love,	   care,	  prayers	  everyday.	  You	  
always	  provided	  me	  good	  education	  from	  my	  young	  age	  and	  supported	  my	  dreams	  
with	   your	   positive	   and	   encouraging	   words.	   You	   both	   gave	  me	   lots	   of	   freedom	   to	  
explore	  my	  own	  path	  in	  life.	  Last	  4	  years,	  I	  did	  not	  spend	  much	  time	  with	  you	  but	  I	  do	  
understand	   that	   you	  missed	  me	   a	   lot	   and	   still	   you	   eagerly	  wait	   for	  my	   phone	   call	  
everyday	   to	  hear	  my	  voice	  &	   to	   feel	  happy.	   I	  will	  make	  sure	   that	   I	  will	   spend	   time	  
with	   you	   more	   hereafter.	   I	   hope	   you	   realize	   that	   you	   had	   a	   big	   part	   in	   any	  
achievement	  on	  my	  side.	  Next,	  I	  extend	  my	  gratitude	  to	  my	  mom-­‐in-­‐law	  and	  father-­‐
in	  –law,	  sister-­‐gayathri,	  brother-­‐in-­‐laws	  (Aadi,	  Balaji)	  for	  your	  great	  support	  and	  your	  
best	  wishes	  and	  prayers,	  throughout	  my	  career,	  as	  it	  played	  a	  very	  important	  role	  in	  
achieving	  my	  goals.	  I	  hope,	  I	  have	  made	  all	  of	  you	  very	  proud	  today!	  Also	  I	  thank	  the	  
almighty	  for	  giving	  me	  the	  good	  physical	  and	  mental	  health	  and	  intellectual	  strength	  
during	  this	  entire	  PhD	  and	  stay	  in	  Belgium.	  
	  
Dear	  Shri,	  	  
Last	   but	   not	   least,	   I	   would	   like	   to	   thank	   my	   sweet	   heart	   and	   beautiful	   wife	   for	  
providing	  me	  with	  your	  great	  love	  &	  affection,	  constant	  support	  for	  my	  career.	  You	  
are	  a	  very	  good	  friend.	  I	  am	  really	  blessed	  to	  have	  you	  in	  my	  life.	  During	  your	  stay	  in	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Leuven,	  you	  took	  very	  good	  care	  of	  me.	  Whenever	  I	  got	  discouraged	  you	  have	  lifted	  
me	  up,	  encouraged,	  motivated	  and	  put	  me	  back	  on	  right	  track	  to	  go	  ahead.	  I	  always	  
admired	  you	  for	  strong	  mind,	  keeping	  big	  smile	  on	  your	  face	  and	  friendliness	  in	  your	  
words	  and	  action	  at	  any	  situation.	  That	  was	  a	  big	  strength	  for	  me	  to	  move	  forward.	  
Thank	  you	  very	  much	  for	  all	  your	  help,	  patience,	  and	  sacrifice	  and	  for	  putting	  a	  smile	  
on	  my	  face	  everyday.	  Without	  your	  endless	  support	  and	  love	  I	  would	  never	  be	  where	  
I	  am	  now.	  I	  love	  you	  dear!	  
	  
I	   hope	   I	   did	   not	   forget	   anyone!	   Atlast	   I	   would	   thank	   everyone	   present	   here	   for	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  Promoter:	  	  Prof.	  Catherine	  Verfaillie	  
	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  Co-­‐promoter:	  Prof.	  Paul	  de	  Vos	  and	  Prof.	  Marijke	  M	  Faas	  
	  
2010-­‐2011:	  	  Predoctoral	  training	  in	  Biomedical	  sciences,	  KU	  Leuven,	  Belgium	  
	  
	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  Thesis	  title:	  “Reprogramming	  of	  hMAPC	  and	  adult	  fibroblasts	  into	  	  	  
	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  Mesendoderm/Defintive	  endodermal	  precursor	  like	  cells	  by	  	  
	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  Lentiviral	  transduction	  of	  defined	  transcription	  actors”	  
	  
	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  Promoter:	  Prof.	  Catherine	  Verfaillie	  
	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  Results:	  Passed	  in	  Distinction	  
	  
2008-­‐2010:	  	  Master	  in	  Regenerative	  Medicine,	  Manipal	  Institute	  of	  Regenerative	  	  	  
	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  Medicine,	  Manipal	  University	  
	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  Relevant	  subject	  options:	  Stem	  cell	  biology,	  Developmental	  biology,	  Immunology,	  	  	  	  	  	  	  	  	  
	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  Biochemistry,	  Cell	  biology,	  Molecular	  biology,	  Clinical	  Research,	  Bioinformatics,	  	  	  	  
	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  Biostatistics	  
	  
	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  Results:	  78.55%	  (Passed	  in	  first	  class	  with	  Distinction)	  
	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  
Thesis	  title:	  “Differentiation	  and	  Characterization	  of	  Mouse	  induced	  	  	  
	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  Pluripotent	  stem	  cells	  using	  piggybac	  transposon	  vectors”	  
Appendix	  E	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  Curriculum	  Vitae	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  
	  
	   210	  
	  
	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  Promoter:	  Prof.	  Dr.	  Mitradas	  M.	  Panicker,	  NCBS,	  Bangalore,	  India	  
	  
2004-­‐2008:	  Bachelor	  in	  technology	  (Biotechnology),	  Tamil	  nadu	  Agricultural	  	  	  
	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  University,	  Coimbatore,	  India	  
	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  Relevant	  subject	  options:	  Genetic	  engineering,	  Genetics	  and	  Cytogenetics,	  Immunology,	  	  	  
	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  Biochemistry,	  Cell	  biology,	  Molecular	  biology,	  Microbiology,	  Fermentation	  technology,	  	  	  
	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  Industrial	  biotechnology,	  Plant	  tissue	  culture,	  Bioinformatics,	  Biostatistics	  
	  
	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  Results:	  	  	  82.50	  %	  (Passed	  in	  first	  class	  with	  Distinction)	  
	  
	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  Thesis	  title:	  “Molecular	  Genetic	  Analysis	  of	  Lumbar	  Disc	  Degeneration	  in	  	  	  
	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  Indian	  Young	  individuals”	  
	  
	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  Promoter:	  Prof.	  Dr.	  M.	  Raveendran	  PhD,	  CPMB,	  Coimbatore,	  India	  
	  
2003-­‐2004:	  Higher	  Secondary	  School	  Certificate,	  St.	  Joseph’s	  Higher	  Secondary	  	  
	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  School,	  Cuddalore,	  Tamil	  nadu,	  India	  
	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  Relevant	  subject	  options:	  Tamil,	  English,	  Maths,	  Physics,	  Chemistry,	  	  	  	  
	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  Botany	  and	  Zoology	  
	  
	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  Results:	  85.75%	  (Passed	  in	  first	  class	  with	  Distinction)	  
	  
2001-­‐2002:	  Secondary	  School	  Certificate,	  St.	  Joseph’s	  Higher	  Secondary	  	  
	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  School,	  Cuddalore,	  Tamil	  nadu,	  India	  
	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  Relevant	  subject	  options:	  Tamil,	  English,	  Maths,	  Science,	  and	  Social	  science	  
	  
	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  Results:	  82.80%	  (Passed	  in	  first	  class	  with	  Distinction)	  
	  
Honors	  and	  Awards:	  
	  
• PhD	   scholarship	   from	  Dutch	   diabetes	   foundation,	  Netherlands	   and	  Univ.	   of	  
KU	  Leuven	  and	  University	  of	  Groningen	  (2012-­‐2015).	  
	  
• Abstract	   selected	   for	   Oral	   presentation	   in	   Belgium	   Society	   of	   Stem	   cell	  
Research	  on	  16th	  September	  2016	  in	  Hasselt	  University.	  
	  
• Abstract	   selected	   for	  Poster	   teaser	  presentation	   in	  Belgium	  Society	  of	  Stem	  
cell	  Research	  on	  12th	  September	  2014	  in	  Ghent	  University.	  
	  
• Pre	  Doc	  programme	  Scholarship	  from	  Univ.	  of	  KU	  Leuven,	  Belgium	  (Jan	  2011-­‐
Dec	  2011).	  
	  
• 1st	  prize	  for	  Indo-­‐Japan	  organized	  Fujio	  Cup	  stem	  cell	  Regenerative	  Medicine	  
Quiz	  in	  2009.	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• 1st	   prize	   for	   Best	   Performance	   in	   Journal	   Club	   Presentation	   in	   Manipal	  
Institute	  Of	  Regenerative	  medicine.	  
	  
• Award	   received	   for	   exemplary	   teaching	   performance	   and	   contribution	  
towards	   the	   4th	   stem	   cell	   workshop	   conducted	   by	   Department	   of	  
Biotechnology,	   The	   Institute	   for	   Stem	   Cell	   Biology	   and	   Regenerative	   Medicine	  
(InSTEM)	  and	  National	  Centre	  for	  Biological	  Sciences	  (NCBS),	  Bangalore.	  Date:	  20th	  	  
September	  2010	  to	  10th	  October	  2010.	  
Courses	  and	  Training:	  
	  
• Completed	  the	  Course	  on	  “Biostatistics”	  University	  of	  KU	  Leuven,	  Belgium.	  
	  
• Completed	  the	  Course	  on	  “Laboratory	  animal	  sciences”	  (30	  hours	  theory,	  10	  
hours	   practical)	   in	   2013,	   Group	   of	   biomedical	   sciences,	   University	   of	   KU	  
Leuven,	  Belgium.	  
	  
• Completed	   the	   "Good	   Clinical	   Practice"	   course	   (GCP)	   in	   KU	   Leuven,	   April	  
2016.	  	  
• Completed	   the	  Course	  on	  “Essentials	   of	   Image	   Editing”	   in	   KU	   Leuven,	   14th	  
September	  2016	  
	  
• Completed	   the	  Course	  on	  “Presentation	   and	   Seminar	   Skills	   for	   biomedical	  
Researchers	   (9hours)”	   in	  Institute	  for	  Learning	  languages	  (ILT),	  University	  of	  
KU	  Leuven,	  Belgium.	  
	  
• Completed	   the	   Course	   on	   "Effective	   writing	   for	   Life	   sciences	   Research”	  
organized	   by	   Dept.	   of	   Continuing	   Education,	   University	   of	   Oxford,	   in	   KU	  
Leuven,	  on	  10-­‐11th	  October	  2012.	  	  
• Completed	  the	  “Course	  on	   Scientific	   Integrity	   for	   biomedical	   researchers”,	  
in	  university	  of	  KU	  Leuven,	  Belgium.	  	  
• Completed	   Flow-­‐Jo	   beginner’s	   course	   in	   KU	   Leuven	   on	   12th	  October	   2015	  
(Organised	  by	  KU	  Leuven	  FACS	  core	  and	  VIB)	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• Completed	   Forensic	   Flow	   cytometry	   Course-­‐	   An	   integrative	   approach	   to	  
dissecting	  bad	  data,	  Organized	  by	  FACS	  core,	  in	  KU	  Leuven	  on	  18th	  November	  
2015)	  	  
• Attended	   FACS	   Core	   Flow	   Cytometry	   Workshop	  in	   KU	   Leuven	   on	   29th	  
September	  2014.	  	  
• Completed	   Doctoral	   school	   course	   “Epigenetics	   and	   Epigenomics”	   in	   KU	  
Leuven	  on	  5th	  February	  2013.	  	  
• Completed	   Doctoral	   school	   course	  “Ethics	   in	   Science”	  in	   KU	   Leuven	   on	  
7th	  February	  2013.	  	  
• Completed	   Doctoral	   school	   course	  “Lentiviral	   vector	   core	   meeting”	  in	   KU	  
Leuven	  on	  9th	  December	  2013.	  	  
• Attended	   workshop	   “Biologic	   Basis	   for	   Novel	   Therapies	   in	  
Diabetes”	  symposium	  of	   the	   Flemish	   Training	  Network	   Life	   Sciences	   on	   19-­‐
	  20	  September	  2013	  in	  Brussels,	  Belgium	  	  
• Attended	   Intra-­‐departmental	  workshop	   in	  Department	  of	  development	   and	  
Regeneration,	  University	  of	  KU	  Leuven	  on	  September	  10,	  2012.	  
	  
• Completed	   the	   Online	   course	   on	   “Basic	   of	   Intellectual	   Property”,	   World	  
intellectual	  Property	  Organization	  (WIPO),	  Geneva,	  Switzerland.	  
Publications:	  
	  
1. Rangarajan	   Sambathkumar,	   Renate	   Akkerman,	   Sumitava	   Dastidar,	   Philip	  
Roelandt,	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   “Endoderm	   Lineages	   in	   Development	   and	   Disease”	   February	   8	   -­‐	  
February	  13,	  2015,	  Keystone	  Resort,	  Keystone,	  Colorado.	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  of	  Human	  
Multipotent	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   Progenitors	   (hMAPC)	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   and	   Definitive	  
Endoderm	  Progenitors	  by	  Defined	  Transcription	  Factors.	  Poster	  presentation	  
in	  1st	  Annual	  meeting	  of	  the	  Belgian	  Society	  for	  stem	  cell	  Research	  (BeSSCR)	  
in	  Ghent	  University	  on	  12th	  September	  2014.	  The	  poster	  has	  been	  selected	  
for	  one-­‐minute	  poster	  teaser	  presentation.	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  Rangarajan	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   Vanhove,	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Berckmans,	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   Kim	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   Bela	   Schmidt,	   Yaakov	   Nahmias,	   Toni	  
Cathomen	  and	  Catherine	  Verfaillie.	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  cell	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  an	  in	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presentation	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   for	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   Research	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